We discuss how one can determine the average kinetic energy of the heavy quark inside heavy mesons from dierential distributions in semileptonic B decays. 
1. It has been shown in two recent papers [1, 2] how the operator product expansion (OPE) allows one to derive v arious useful sum rules for heavy avour transitions in the small velocity (SV) limit [3] . Non-perturbative corrections are incorporated into the theoretical side of the sum rules in the form of an expansion in inverse powers of the heavy quark mass. In Ref. [2] the so-called rst sum rule at zero recoil was obtained, which w as then used for estimating the deviation of the B ! D transition form factor from unity at zero recoil to order O( 
(This inequality had previously been obtained within a quantum-mechanical approach [4, 5] .) In this paper we exploit similar ideas to obtain a new sum rule in the SV limit, which relates 2. The general method for deriving sum rules in the SV limit is presented in Ref. [1] . Here we restate only some basic points, primarily to introduce the relevant notations. The OPE is applied to the transition operator [6, 7] T ab (q) = i Z d 4 x e iqx Tfj y a (x)j b (0)g ; (3) where j a denotes a current of the type c a b with an arbitrary Dirac matrix a ; q is the momentum carried by the lepton pair. The average ofT ab over the heavy hadron state H b with momentum p H b represents a forward scattering amplitude (the so-called hadronic tensor),
The observable distributions are expressed through structure functions w ab : w ab = (1=i) disc h ab : The hadronic tensor can be decomposed in terms of the possible covariants [7] (their number depends on the Lorentz structure of the currents) with coecients h i . In the case of vector and axial-vector currents we deal with the functions h V V i ,h AA i and h V A i ,i= 1 ; :::; 5, introduced in Ref. [8] . In the HQET limit [9] { when one neglects 1=m b;c corrections {, the hadronic tensor h ab is dened by a single invariant function h for any matrix a in the current j a , namely:
h ab = C ab h ; C ab = T r " 1+ 6
Here a = 0 y a 0 and v 1 , v 2 are 4-velocities of the initial and nal hadrons, . In what follows we will assume the hadron H b to be at rest; the rst invariant then reduces to q 0 . Moreover, in studying the transitions b ! c at zero recoil or in the small velocity (SV) limit, it is convenient to employ directly the space-like momentum transferq (5) is broken can be found in [8] .
The factorization of h into a universal kinematical structure multiplied by a single hadronic function h in general ceases to be valid in higher orders in 1=m c;b . Yet it still holds for those corrections that are relevant for the third sum rule to be derived below. We will explain this point shortly.
Since it does not matter which hadronic function we deal with { they all lead to one and the same third sum rule { we will use h AA 
The physical cut is characterized by real and positive. The imaginary part of h 1 is given by the \elastic" contribution of D plus inelastic excitations. For what follows it is crucial that all these contributions are positive-denite.
Negative describe the region below the cut, and the amplitude h AA 1 can be computed { and it actually was [8, 10, 11] { as an expansion in QCD =m c;b . F or our purposes it is sucient to limit ourselves to the corrections of rst and second order in QCD . This is exactly the approximation adopted in [8, 10, 11] , and expressions obtained there will be used below.
At the next stage we assume QCD j j m b;c . The amplitude h AA 1 is expanded in powers of QCD = and =m b;c . P olynomials in can be discarded since they have no imaginary part. We are interested only in negative p o w ers of . The coecients in front o f 1 = n are related, through dispersion relations, to the integrals over the imaginary part of h AA 1 with weight functions proportional to the excitation energy to the power n 1. Thus, the rst sum rule considered in Ref. [2] corresponds to n = 1; the second sum rule (sometimes called optical or Voloshin's sum rule [12] , see also [13, 14] ) corresponds to n = 2. The lower bound on . It will be seen shortly that for our purposes this dierence can simply be ignored in the third sum rule in the SV limit. It cannot be discarded, however, in the second sum rule. (The situation is quite dierent from what took place in the sum rules at zero recoil, see [1] : there the dierence between and q is absolutely essential for the n 2 sum rules.)
The expression for h AA 2q to second order in q (see Ref. [8] ) and, therefore, preserve the same universal factorization pointed out above i n the HQET limit.
Expanding in q =2E c we observe that 1=z n reduces to 1= n q , plus lower powers of 1= q , plus a polynomial in q . Next one eliminates q in favour of . The 
The next terms in Eq. (11) are irrelevant since they lead to corrections of higher order in QCD and/or jqj. This observation is crucial, since it tells us that the 1=z part contributes only to the rst and the second sum rules; it generates no 1= does not present the square of a form factor; rather it is the contribution to the given structure function coming from the multiplet of degenerate states, which includes summation over spin states as well. In the particular example considered, D is not produced in the elastic transition, so that in the elastic part one needs to sum only over the polarization of D . Therefore, the term \form factor" for F B!i is rather symbolic; jF B!i j 2 depends onq. Moreover, i in Eq. (14) is the excitation energy (including the corresponding kinetic energy),
For the elastic transition 0 vanishes, of course.
The dispersion representation (13) and (12) (16) (The transitions to P-wave states are actually relevant, see [15] for further details.)
Moreover, due to Eq. (16) 
The second term is evidently positive. The rst sum can be found, in turn, by using the Bjorken sum rule [16] . This sum rule relates the sum over the P-wave states in the brackets to theq 2 dependence of the \elastic" B ! D transition (the slope of the Isgur-Wise function [17] ). 4. It is instructive to briey reiterate the derivation of the Bjorken sum rule, which, as explained above, is needed only to zeroth order in QCD . Equating the coecients of 1= in Eqs. (12) and (13) 
where we h a v e used the fact that at zero recoil is unity [3] .
Notice that although we discuss the Bjorken sum rule for the axial current, it can actually be derived for an arbitrary current j a = b a c. T o leading order in 1=m b;c the universal factorization (5) 
Let us recall that the ratio jF B!i j 2 =ṽ 2 has a nite limit at zero recoil. Equation (23) is the Bjorken sum rule proper [16] . Let us add for completeness that in the notation of Ref. [15] , where the P-wave inelastic contributions are written out explicitly, i t takes the form 
Equation (24) 
Since the second term in Eq. (24) is positive w e obtain the following, obvious inequality: 
We will discuss shortly the numerical uncertainty in the lower bounds. Before this three comments are in order here regarding the sum rules presented above. First, the very same nal results are obtained irrespective of what currents we start from, axial or vector, or a mixture of these two. The only dierence is that, say, for the vector currents we w ould get M D rather than M D in the denition of 1 . This dierence is unimportant in the limit m b;c ! 1 , of course. This remark brings us to the second point. In Eq. (26) all subleading 1=m b;c terms have been omitted; these terms together with radiative corrections are the main source of the uncertainty in the lower bound (29). Finally, in the original sum rules the sum runs over all states including those which represent high-energy excitations described, in the sense of duality, b y perturbative formulae (see Ref.
[1] for more details). To get predictions for 2 and normalized at a low (quark-mass-independent) scale one must truncate the sum over the excited states at i and invoke duality b e t w een the perturbative corrections and the contributions of the excited states above .
In general, the sum rules at non-zero recoil get QCD =m b;c corrections, which depend on the particular choice of the weak current considered and can be sizeable. However, all corrections to the hadronic tensor h ab start with terms explicitly proportional to Similar eects due to the nite mass of the c quark enter our lower bound implicitly, when we use the observed mass values of the excited charmed mesons. In the future these pre-asymptotic corrections can be isolated in a model-independent way once the masses of the beauty counterparts are measured. The most sizeable corrections are expected from the chromomagnetic interaction of the heavy quark spin inducing hyperne splitting among the members of the heavy spin multiplets.
In particular, M D M D 140 MeV. This eect is presumably accounted for by substituting the spin averaged masses for the ground S-wave states and for the Pwave excitations, rather than the actual masses of D, D , etc. We actually did this spin averaging. Another shift arises from the heavy quark kinetic energy term in the hadron mass. It is natural to expect its value to be smaller in the excited mesons than for the ground state. Therefore, the static limit of 1 is expected to be somewhat larger than the value of 1 experimentally observed for the actual charmed particles, but probably by not more than 50 MeV. We then use the value of 1 given by Eq. (27) as a very reasonable educated guess.
The lower bounds (29), (30) are seen to lie not very far from the estimates obtained earlier within QCD sum rules [24] Unfortunately, n umerical uncertainties in all the above n umbers prevent us from making a conclusive statement. Nevertheless, let us assume for a moment that future rened measurements and calculations of the subleading corrections in the third sum rule will conrm these values and establish the fact that the two inequalities in Eqs. (29), (30) are rather close to saturation. This would mean that the sum rules are actually saturated { to a reasonable degree of accuracy { by the contributions from the states with masses around M D + 1 generically called D in this context. To account for non-perturbative eects in b ! c decays, one would then need only to consider one inelastic channel, \D ". The higher excited states will be represented (in the sense of duality) by purely perturbative probabilities calculated in the free quark-gluon approximation. We actually consider such a situation as a most natural scenario in QCD. It is worth noting that the D contribution to the third sum rule is suppressed for soft pions, unlike the rst sum rule where it was quite substantial [2] . The eect of the \hard" pion emission is well represented by some of the P-wave D resonances.
6. We h a v e derived the third sum rule for the b ! c transition in the SV limit and showed how one can use it to constrain the kinetic energy parameter 2 by using the data on B ! D . In principle it is quite conceivable that the full dierential distribution in q 0 andq 2 in the inclusive semileptonic B decays will be measured in the future. This measurement can then be immediately translated in the value of 2 , one of the most important parameters of the heavy quark physics. The more one will learn about the decays to the excited states, the more accurate the determination of 2 will become.
